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The ‘moten globule’ state, or compact unfolded 
state, of globular proteins has attracted interest because 
of its role in the folding and unfolding pathway of 
these proteins1）-4）, and in the translocation or insertion 
of proteins into membranes5），6）. The molten globule 
state is deﬁned as a compact globule state with ﬂuctu-
ating tertiary structure2）. Cooperative heat transition 
can be observed between the native state and the mol-
ten globule state2），7）. Cytochrome c at acidic pH and 
high ionic strength was originally reported as a molten 
globule state by Ohgushi and Wada1）. However, Po-
tekhin and Pfeil8）, and and Ptitsin2） concluded that it is 
not in a molten globule state because it shows a coop-
erative temperature melting8）. Therefore, the molten 
globule state is thought to be a denatured state thermo-
dynamically. Most authors seem to agree with this def-
inition2）-4），7），9），10）, however, some exceptions have 
been reported11），12）. As described in previous paper13） 
and summarized in Table 1, ovalbumin at acidic pH 
shows many molten globule-like properties. The far-
UV CD spectrum and intrinsic viscosity of ovalbumin 
at pH 2 were identical to those of ovalbumin at pH 7. 
The near-UV CD spectrum of acidic ovalbumin solu-
tion showed very little asymmetry of aromatic amino 
acid residues. This result and other properties shown 
in Table 1, indicate a ﬂuctuation in ovalbumin’s tertia-
ry structure at pH 2.
Table 1.   Changes of ovalbumin properties from native 
state at pH 7 to pH 213)
Measured parameter Observed change
1.  Far-UV CD spectrum None
2.  Intrinsic viscosity None
3.  Near-UV CD spectrum Decrease of elipticity
4.  UV difference spectrum ＊ Change at 260-275, 287, 292 nm
5.  Florescence spectrum Decrease of emission at 338 nm
6.  Reactivity of SH groups ＊＊ Increase of 1 SH (total: 4 SH)
7.  Rate of urea denaturation Increase
8.  Rate of surface denaturation Increase
The changes in parameters 3-5 occurred promptly after shifting the 
solution pH to 2 and completely reversed by returning pH to 7. Mid-
points for the changes in parameters 4 and 5 were observed at pH 4.
＊  Plotting the absorption at 292 nm against pH showed the same 
curve with or without adding KCl.
＊＊ Reactivity against 2-2’ dithiodipyridine
In other proteins, the molten globule, or similar, 
state and the native state have slightly different far-UV 
CD spectra, suggesting differences in secondary struc-
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ture1），14）-19）. Intrinsic viscosities, diffusion coefﬁcients, 
and stokes radii which indicate the compactness of 
proteins, of the molten globule state are also different 
than those of native state1），14），18）. For many proteins, 
molten globule state at acidic pH has been attained 
only in the presence of salt1），17）. However, the molten 
globule state of ovalbumin at pH 2 is independent of 
salt concentration.
In the present experiments, translational diffusion 
coefﬁcients of ovalbumin solutions at pH 7 and pH 2, 
25˚C, were determined by using a dynamic light scat-
tering technique20） at several different scattering angles 
and protein concentrations. The diffusion coefﬁcients 
extrapolated to zero protein concentration in water, 
were 8.70 x 10-7 cm2s-1 （pH 7） and 8.86 x 10-7 cm2s-1 
（pH 2）. The sedimentation curves of ovalbumin at 
both pH values were also analyzed. S20，w values were 
3.35s （pH 7） and 3.43s （pH 2）. These results suggest 
that the ovalbumin molecule is slightly more compact 
at pH 2 than at pH 7.
Enhancement of ﬂuorescence intensity of ANS with 
a protein is an indication of exposed hydrophobic ar-
eas on the surface of the protein molecules21）. This 
method has been used to show the existence of molten 
globule-like structures for some proteins15），22）.
The changes of ANS ﬂuorescence of native and heat 
denatured ovalbumin （OVA） were measured at differ-
ent pH （Fig. 1）.
At pH 7, ﬂuorescence intensities of native ovalbu-
min were much lower than those of heat-denatured ov-
albumin. These intensities gradually increased below 
pH 4 and approached those of denatured ovalbumin at 
pH 2. This result is comparable with the decrease of 
tryptophan ﬂuorescence at acidic pH shown in Table 1.
Heat denatured of ovalbumin at various pH values 
has been previously examined by using a twin cell cal-
orimeter23）. In this study, typical DSC curves of oval-
bumin at pH 7 and pH 2, which were obtained using 
an adiabatic scanning microcalorimeter DASM-424）, 
are shown in Fig. 2. The temperatures of peak position 
（Tm） were 77˚C （pH 7） and 49˚C （pH 2）. Tm val-
ues were not affected by changing protein concentra-
tions but did decrease at low scan rates. The curves 
were completely irreversible. No peaks were observed 
upon re-scanning cooled samples. Irreversible heat de-
naturation and aggregation of denatured ovalbumin 
has been previously described25）. The latter halves of 
the peaks were skewed from a symmetrical Gaussian 
curve by exothermic flow due to aggregation of the 
molecules. Enthalpy changes （∆H） calculated from 
the peak at 1-5 mg protein and 1 K scan rate were 14.5
±0.4 J/g （pH 7） and 6.4±0.2 J/g （pH 2）. Changes 
of heat capacity （∆Cp） before and after denaturation 
were very slight.
The different value of Tm and ∆H observed for ov-
albumin at pH 2 and at pH 7 reveal decrease in heat 
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Fig.  1.   Fluorescence intensities of 80 μ M ANS with native 
or heat denatured ovalbumin （0.1 mg/ml） at various 
pH values. The pH was adjusted by adding 1 mol/l 
HCl to 20 mM K-phosphate buffer, pH 7, containing 
ovalbumin. Heat denaturation of ovalbumin was 
conducted at pH 7, 85˚C for 40 min. Fluorescence 
was measured after 10 min of mixing ovalbumin 
and ANS at 25˚C. Excitation and emission wave-
lengths were 390 nm and 480 nm, respectively.
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Fig.  2.   DSC traces of ovalbumin at pH 7 and 2. The sample 
solution contained 5 mg protein in 10 mM K-phos-
phate buffer, pH 7, or was adjusted to pH 2 by add-
ing 1 mol/l HCl. The scan rate was 1 K/min.
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stability at the lower pH. However, the present of a 
peak in the DSC curve and ∆H values clearly indicate 
that the ovalbumin molecule at pH 2 was heat-denatur-
ated cooperatively. These results show that the molten 
globule-like structure of ovalbumin is thermodynami-
cally a native state.
The presence of molten globule-like state similar to 
a native state would help explain a transition between 
native and the molten globule state, which may occur 
under physiological conditions5），6）. Is the molten glob-
ule-like state of ovalbumin a true molten globule? I 
think that ‘molten globule’ is merely a physically-de-
scriptive term and has no rigid thermodynamic mean-
ing. The state of ovalbumin at pH 2 may be described 
as a molten globule, which is very similar to the native 
state.
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